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PLDx1 Modulated ABA-M ediated M ain Rod Elongation and 
Regulated Tip Growth of Roc Hair in Arabidopsis 


LI Jing, ZHANG Wen-Hua 
( College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China) 


Abstrad:: The role of PLDX1 in ABA inhibition of main root elongation in Arabidopsis was studied . When the seedlings 
were treated with ABA, elongation of main root of wild-type (WT) was inhibited more obviously than that of plét1 . In ma- 
in root protoplasts, the activity of both PLIX 1 and NADPH oxidase increased under ABA treatment, and the NADPH oxi- 
dase activity increased much more in WT than in pldx1 . When 10Umol L ' PA was added into the growth medium, the 
NADPH oxidase activity increased in pldx1 protoplasts . The concentration of ROS in Arabidopsis root protoplasts increased 
more quickly in WT than in pldt1 after ABA addition . When H O, was added into the culture medium, main root elonga- 
tion was inhibited in both genotypes . All these results suggested that, PA produced by PLDX1 acted as a regulator in ABA- 
mediated root elongation in Arabidopsis via NADPH oxidase- produced ROS . In addition, root hair of pldX1 was shorter than 
that of WT . On the tip of root hair, pldt1 had lower concentration of ROS and Ca" than WT . 
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Fig.1 Arabidopsis root PLDX1 activity increased under ABA treatment 


0 plxitjiDilDliBDu ABA DDOUDULU 
UHHUUOUUUU pinnam 

2.1.2 ABA[] PAU OHUUUUUUU (WT) 
0 P@1UOUUUUO 00200000 
OOO ABAQ UG. padi WrOüLODUDU 
UHUUHUUUUOUUUUUUUUE 26.9%, 





I] 2 ABA SEELE DH FPA PE WT H pida! EAEE P p] 
A. Api] EE dS] 14 MS, L4 MSs50 pmol L' ABA, L4 MS420 
pmol L! PA 15 3E3E EEE 7 RIG ADS ; B. WT A pide] £ 
ALS Se ee, dB RIZ dfe Rh n5 7 X 
(nz&, SAE = Ee PG ID) 

Fig. 2 Main root elongation of WT and plda under ABA treatment 
A, Comparisons of WT and pide seedling growth on media of 14 

MS, Là MS«50 pmol L'' ABA, 14 M8420 pmol L'' PA; B, Main 

root elongation of WT and pider} seedlings on the indicated medium. 
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Fig .3 Concentration of ROS in Arabidopsis root cell 
protoplast under ABA treatment 
A, Root protoplasts of WT and pldx1 loaded with H,DCF-DA in the 
presence of 50u mol L`! ABA; B, Average fluorescence intensity 
in protoplasts . (Values are the means of 18 seedlings (+ SD) 
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Fig .4 NADPH oxidase activity of both WT and pldx1 


root protoplast under ABA treatment 
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Fig .5 Main root elongation of WT and pldx1 under ROS treatment 
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Fig .6 Comparison of root hair length and density between WT and pldxl 


A, Photographs showing root hair of WT and pidX1 (bar 2 0.5 mm); B, Root hair length . (Values are the means of 18 seedlings ( + SD) 


from 3 independent experiments; C, Root hair density (Values are the means of 18 seedlings (+ SD) from 3 independent experiments) 
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Fig.7 A, CLSM imaging of root hair from WT and pldx1 stained 
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Fig.8 A, CLSM imaging of root hair from WT and pldx1 stained 
with Fluo-3; B, Average fluorescence intensity in protoplasts 


(n=18, (+ SD) from 3 independent experiments ) 


UU NADPH UU. DU UL UO UO DE 7E UE D] D]. ED] C] 
UU UUUYUUUUUUUU OU (Grant and 
Loake, 2000; Mittler, 2002; Neill [] , 2002; 
Vranoé [| , 2002) 0 ABAD HL 0B OD D. 
UUO ROSHUUUUUUU. ROS UD U U 
[] O NADPH |] O O AtrbohD [] AtrbohF [] [1] [] [I] 
(Kwak [] , 2003; Torres and Dangl, 2005)[] [J 
NADPH [1 [] LU] HU. BH] BU D] EU]. U] UD. ABA DJ OU 
UUOUUUUUUU NADPH [] [I] LJ D] EU LU LI . 
PLIX1[][] [] ABA[I [] U NADPH D D D UI LI 
UUUUUUUU PAQYODUUGUUUUOD 
pidi |] OU NADPH[] LL D] D] D] UL]. PELO TT [] 
U PAU HL D] HU] NADPH [T D] U LI D] U U U 
U . 200la J UU. UU PAL] U NADPH] UU 
UUUU PMI QOUUUUUUUUUUUUOU 
HOUUOUUUUUYE Sangh Q001a [D LI LI LI 
UU.,U0U0U00U PAU UU NADPH OU OU 
UUUUUU.UUUUUU PAL ROO Mo 
UU DU NADPH[]J [DU DU a&i uU, NAD- 
PHI HUHULIDdgHdUHulutu.ulultLuttLlutlu 
U. ABA UUO NADPH [T [1 D LH U U DE U D U 


(Sang 


4 0 0OO0OO0OOUD: Plot ABADnDOODUDDBOOOSDBOSDBUOUUDLDU 315 


ununi Pang 

NADPH O O O DH D HB. NADPR BT TT D D EE U 
u.üuunmnsuiuubsopnnmiliüslldli EO, 
HOO U UU RoSDIDLT D (Gapper and 
Dolan, 2006)[] D] O 0 0 PLIX1[] [] 0 [] 0 ROS 
HOHHUYUUOUUUU.,OUUUUUO pat [ 
HHHUHUUUUUU BOUUUUU,. HO 
HOHOUUUUUUUUUE peti nul 
UERNRMENREREENEIECNEPHEHSECEENPENEEEFSMEME 
HUHYOUUUYUUUY., ROSHOUUUUO 
HOHOUOUUU; U ABAL HO D HD HU 
OUUU., OY ROSOUUUO 
PIxXI[J[][] PAD U NADPH OU. DD UO LU 
HOUUOUUU PA, OUU PAU UUUUUUO 

HUUU. ABABPOHUUNUUUUUUY 
HOHUOUUUU Pax god: OU ABAN 
HUU PLmIgoUU. gilt PA, PA 
HUUU NADPHUOUUUUUUUY ROS] 
HUHYOUUU,OUUNUUUUNUUUY. n 
HUHYOUUUYUUUNU, UYUUIUU0 
HOU. ABAQOUU. pPM@1OOUUUUUY 
A VEEG OCOD: UEO, B: o E E: O EENE 
00O OLU Zhang[ (2004) OO nnnm D 
HUUU. AAD UUU raig 00L 
HHUHHBMUs«gu-ABAHTUBHBUBgBUHBHL 
HUHYOUUN, VUUUUUUUUY Ppl 
OUOU 

HUYUOUUU pPM@1OOUUUUUUUUY 
0. PM@IODHOUUUUYUUUUUUUUO 


00. 4UUUUOUUUUUUUUO YE Martin 


H (2003) O0 0O00. O O 1-BuOH J I 
EDE D Es HEE E OAB a- OY 
HOU PA, O0UUOD0OOOD0D., OOOD 
[PAE KYUDO 0- OE 0: H0; 0E 
üunggünumnilmg 1-BeH 0., WOUUUUUO 
HUUUU (Obashi[ , 200390 DD DD DU. 
HU AEO OON y -PED DEH- RA E 
BEER ELE, DEL ETE) Jed Hl 


PLDWOUUUYUYUUUUUUUUUEO 


HHUHYHOHUUHUUYUUUUUUUUY ROSY 
AEE EEE ERE AEE E 
HOU ROSHOUUUOU NADPH O UU 


(Foreman [] , 2003), [] [J] U0 UU. PLAID O 
0 PAD OOO NADPHO OO. 0000 ROS 
D00000. 00000000 (programmed 
cell death, PCD) [| , PA[] Rho[] OOO GU] {J 
GTPase? (ROP2) O00 000000000. 
00000 R0000 Roso O (Pak, 
20040 0000., R200000 000. 0 
D000. 0000000000000000 
(]}f]} 00 (Jones [] , 2002)[] 

DO000O0O0O0O00C000000 perm 
D00000 ROSsO0O00O0., 0000., Pup 
Uugggagguggnuu rosooooo.d 
0000 »einugugnggngügnmnug ROSD 
Ugnanngpad.dgprmmgagnün 
000 Rsgo000000000.000 
DO00000000000000000 c 
0000000. pei 0000000 cn 
NoOoOoogoooooo. 0000., Pumg 
noooogogg RSs0o00. 000000 
ca'Q0000000000 

0000., Plmiogogd aBAgooOOOo 
00000. Plmigoogoogoggq00 
Ros] Ca’ nünngnnuungü 


ug U B uu 


Amanda JA, David IG, Mark WS, 1998 .Use of a new tetrazolium-based 
assay to study the production of superoxide radicals by tobacco cell 
cultures challenged with avirulent zoospores of Phytophthora parasit- 
ica var. nicotianae [J] . Plant Physiology, 117: 491—499 

Bai L, Zhou Y, Zhang XR et al., 2007 . Hydrogen peroxide modulates 

abscisic acid signaling in root growth and development in Arabidopsis 
[J] . Chinese Science Bulletin, 52: 1142—1 145 

Chen CW, Yang YW, Lur HS et al., 2006 . A novel function of abscisic 
acid in the regulation of rice ( Oryza sativa L .) root growth and de- 
velopment [J] . Plant Cell Physiology, 47: 1—13 

Demidchik V, Tester M, 2002 . Sodium fluxes through nonselective cation 
channels in the plasma membrane of protoplasts from Arabidopsis ro- 
ots [J] . Plant Physiology, 128: 379— 387 

Fan L, Zheng S, Wang X, 1997 . Antisense suppression of phospholipase 

Dx retards abscisic acid and ethylene-promoted senescence of posthar- 
vest Arabidopsis Leaves [J] . The Plant Cell, 9: 2183—2196 

Felle HH, Hepler PK, 1997 . The cytosolic Ca’* concentration gradient 

of Sinapis alba root hairs as revealed by Ca?* -selective microelectrode 


tests and fura-dextran ratio imaging [J] . Plant Physiology, 114: 


316 0 U ü 0U ud du 31[] 


39— 45 
Foreman J, Vadim D, John H . F . Bothwell et al., 2003 . Reactive oxy- 
gen species produced by NADPH oxidase regulate plant cell growth 
[J] . Nature, 422: 442 —445 
Frank W, Munnik T, Kerkman K et al., 2000 . Water deficit triggers 
phospholipase D activity in the resurrect ion plant Craterostigm a 
plantagineum [J] . The Plant Cell, 12: 111—124 
Gapper C, Dolan L, 2006 . Control of plant development by reactive oxy- 
gen species [J] . Plant Physiology, 141: 341—345 
Girish M, Zhang W, Fan D et al., 2006 . A bifurcating pathway directs 
abscisic acid effects on stomatal closure and opening in Arabidopsis 
[J] . Science, 312: 264—266 
Grant JJ, Loake GJ, 2000 . Role of reactive oxygen intermediates and 
cognate redox signaling in disease resistance [J] . Plant Physiology, 
124: 21—29 
Jones MA, Shen J, Fu Y et al., 2002 . The arabdiopsis Rop2 GTPase is 
a positive regulator of both root hair initiation and tip growth [J] . 
The Plant Cell, 14: 763— 776 
Kwak JM, Mori IC, Pei ZM et al., 2003 . NADPH oxidase AtrbohD and 
AtrbohF genes function in ROS-dependent ABA signaling in Arabi- 
dopsis [J] . EMBO Joumal, 22: 2623— 2633 
Li W, Li M, Zhang W et al., 2004 . The plasma membrane-bound phos- 
pholipase D enhances freezing tolerance in Arabidopsis thaliana 
[J] . Nature Biotechnology, 22: 427 —433 
Martin P, Marek E, Bronislava P et al., 2003 . Phosphatidic acid pro- 
duced by phospholipase D is required for tobacco pollen tube growth 
[J] . Planta, 217: 122— 130 
Mittler R, 2002 . Oxidative stress, antioxidants and stress tolerance [J] . 
Trends in Plant Science, 7: 405 —410 
Morris AJ, Engebrecht J, Frohman MA, 1996 . Structure and regulation 
of phospholipase D [J] . Trends in Pharmacological Science, 17: 
182—185 
Munnik T, 2001 .Phosphatidic acid: an emerging plant lipid second mes- 
senger [J] . Trends in Plant Science, 6: 227—233 
Neill SJ, Desikan R, Clarke A etal., 2002 . Hydrogen peroxide and ni- 
tric oxide as signalling molecules in plants [J] . Journal of Experi- 
mental Botany, 372: 1237—1247 
Ohashi Y, Oka A, Rodrigues-Pousada R et al., 2003 . Modulation of 
phospholipid signaling by GLABRA2 in root-hair pattern formation 
[J] . Science, 300: 1427— 1430 
ParkJ, Gu Y, Lee Y et al., 2004 . Phosphatidic acid induces leaf cell 


death in Arabidopsis by activating the rho-related small G protein 
GTPase-mediated pathway of reactive oxygen species generation [J] . 
Plant Physiology, 134: 129— 136 
Pei Z, Murata Y, Benning G, 2000 . Calcium channels activitated by 
hydrogen peroxide mediate abscisic acid signaling in guard cells [J] . 
Nature, 406: 731— 734 
Ritchie S, Gilroy S, 1998 . Abscisic acid signal transduction in the bare- 
ley aleurone is mediated by phospholipase D activity [J] . Proceedings 
of the National Academy of Science USA, 95: 2697— 2702 
Sang Y, Cui D, Wang X, 2001a . Phospholipase D and phosphatidic ac- 
id-mediated generation of superoxide in Arabidopsis [J] . Plant 
Physiology, 126: 1449 —1458 
Sang Y, Zheng S, Li W et al., 2001b . Regulation of plant water loss by 
manipulating the expression of phospholipase Dx [J] . The Plant 
Journal, 28: 135—144 
Simontacchi M, Caro A, Fraga CG et al., 1993 . Oxidative stress affects 
tocopherol content in soybean embryonic axes upon imbibition and 
germination [J] . Plant Physiology, 103: 949—953 
Smet ID, Zhang HM, Inze D et al., 2006. A novel role for abscisic acid 
emerges from underground [J] . Trends in Plant Science, 11: 434— 439 
Torres MA, Dangl JL, 2005 . Functions of the respiratory burst oxidase in 
biotic interactions, abiotic stress and development [J]. Current 
Opinion in Plant Biology, 8: 397—403 
Vranové E, Iné D, van Breusegem FV, 2002 . Signal transduction dur- 
ing oxidative stress [J] . Joumal of Experimental Botany, 53: 
1227 —1236 
WangC, Zien CA, Afitlhile M er al., 2000 . Involvement of phospho- 
lipase D in wound-induced accumulation of jasmonic acid in Arabi- 
dopsis [J] . The Plant Cell, 12: 2237 —2246 
Wang X, 2002 .Phospholipase D in hormonal and stress signaling [J] . 
Current Opinion in Plant Biology, 5: 408—414 
Young S, Wang XM, L each JE, 1996 .Changes in the plasma membrane 
distribution of rice phospholipase D during resistant interactions with 
Xanthomonas oryzae pv oryzae [J] . The Plant Cell, 8: 1079 —1090 
Zhang W, Qin C, Zhao J etal., 2004 . Phospholipase Dal -derived phos- 
phatidic acid interacts with ABII phosphatase 2C and regulates ab- 
scisic acid signaling [J] . Proceedings of the National Academy of 
Science USA, 101: 9508—9513 
Zhu C, Gan L, Shen Z et al., 2006 .Interations between jasmonates and 


ethylene in the regulation of root hair development in Arabidopsis 


[J] . Journal of Experiment Botany, 57 (6): 1299—1308 


